Recent investigations have suggested that the kidney may be concerned in the control of aldosterone production by the adrenals (1, 2) . The renin content of kidney tissue correlates well with the thickness of the zona glomerulosa of the adrenal cortex and with the measured aldosterone production rate (3, 4) . Angiotensin has been shown to stimulate aldosterone production both in man (5, 6) and in intact animals (4, 7) , and it is a powerful stimulus to the biosynthesis of aldosterone in vitro (4, 8) . Although its role under normal physiological conditions is not clear (7) , the renin-angiotensin system has been implicated in the maintenance of certain states of experimentally produced hyperaldosteronism (9) , and angiotensin may be an aldosterone-stimulating hormone (ASH). Elevated angiotensin levels have been found in the thoracic lymph of dogs with hyperaldosteronism induced by inferior vena caval constriction (10) , but there are no reported studies of angiotensin levels in humans with hyperaldosteronism.
Since angiotensin is a powerful pressor agent (11) , it is of interest that most patients with secondary hyperaldosteronism are not hypertensive. Infusion of subpressor amounts of angiotensin in the dog will significantly increase aldosterone production (12) , but not to the extent commonly found in secondary hyperaldosteronism. Blair-West and associates (7) demonstrated a threshold level of angiotensin for' the sheep's adrenal and estimated this to be 0.20 to 0.25 /Ag per L of plasma, a level that produces significant pressor effects in the sheep and in humans.
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accompanied by a reduced pressor response to infused angiotensin (1), and it was observed that patients with cirrhosis and ascites had a reduced pressor response to angiotensin (13, 14) . We therefore thought it valuable to compare the vascular sensitivity to angiotensin in patients with secondary hyperaldosteronism and in control subjects.
METHODS
Studies have been made on nine control subj ects (group 1), on seven patients with cirrhosis of the liver and four patients with nephrotic syndrome, all with evidence of hyperaldosteronism (group 2), on three patients with resistant cardiac failure and evidence of hyperaldosteronism (group 3), and on two patients with cirrhosis of the liver without evidence of hyperaldosteronism (group 4) ( Table I) .
Group 1 comprised three normal students and six patients convalescing from a variety of diseases. None showed any cardiovascular, hepatic, or renal disorder or fluid retention. The urinary excretion ratio of sodium to potassium was consistently greater than 2.
The individual diagnoses of patients in groups 1, 2, and 3 are given in Table I , with the resting mean arterial blood pressure and cardiac output. Their serum levels of sodium and potassium and their current diuretic therapy are also shown. Hyperaldosteronism was presumed to be present by the following criteria: chronic edema and ascites were present, the urinary excretion ratio of sodium to potassium was consistently less than 0.5, and spironolactone produced a significant rise in the urinary sodium to potassium excretion ratio. Aldosterone production or urinary levels were not measured.
In the two patients of group 4, there was no evidence of fluid retention, and the urinary sodium to potassium excretion ratio was consistently greater than 2.
The studies were made with the patient lying supine, premedicated with sodium pentobarbital, 11 g. A needle was inserted into the brachial artery, and a fine polythene catheter was introduced percutaneously into the superior vena cava. Arterial blood pressure was measured by a strain gauge transducer and recorded continuously with the electrocardiogram. Mean arterial pressure was obtained by electronic integration. Cardiac output was measured by the dye dilution method using indocyanine green and a Gilford cuvette densitometer. In six control subjects and ten group 2 patients, the response was measured to a single dose of 10 jug of l-norepinephrine 2 given in the same manner.
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In two control subjects (M 25 and F 21, for group 2, y = 185 log x + 201 (r = 0.53), where y is the rise in SVR (ASVR) and x is the dose of angiotensin in micrograms. These lines are shown in Figure 4 , together with the mean response + 1 SD at each dose level of angiotensin for the two groups. The difference between the two groups is significant at the 0.1%o level.
Although the averages of the resting SVR in each group are similar, there is within each group a tendency for those with the higher resting SVR to have a greater ASVR for a given dose of angiotensin. This is seen in Figure 5 , where the ASVR for the 0.25-,ug dose of angiotensin is plotted against the resting SVR on a log-log scale. This phenomenon would be expected in a physical system in view of the dependence of the SVR on the fourth power of a vessel radius. A firstorder correction for this phenomenon has been made by using percentile elevation of SVR (%ASVR) as the response to angiotensin and plotting dose-response lines as before ( Figure 6 ). The regression lines from the pooled data for each group are: for group 1, y = 44.3 log x + 52.1 (r = 0.61) and for group 2, y = 18.8 log x + 20.8 (r = 0.50), where y is the percentile rise in SVR (7%cSVR) and x the dose of angiotensin in micrograms. These lines are shown in Figure 7 together with the mean response at each dose level of angiotensin for the two groups. The difference in response between the two groups is still significant at the 0.1%o level.
FIG. 7. LINEAR-REGRESSION LINES OF PERCENTILE RISE IN SYSTEMIC VASCULAR RESISTANCE (% -ASVR) PER
Response to l-norepinephrine. No Patients with congestive cardiac failure zeith hyperaldosteronism (group 3) These patients are considered separately because aldosterone production is rarely elevated to as high a level in resistant heart failure as in cirrhosis or nephrosis, and the circulatory disorder in heart failure might have influenced their response to angiotensin.
Their responses, however, were very similar ( Figure 8 ) to group 2 patients. The dose-response lines in all three fell below the regression line for group 2 patients. Inclusion of these patients with group 2 enhanced the differences from the control subjects in group 1.
Patients with cirrhosis without hyperaldosteronism (group 4)
Two patients with cirrhosis of the liver proved by liver biopsy, but without fluid retention, and whose urinary excretion ratio of sodium to potassium did not suggest increased aldosterone production were also studied. Their responses to angiotensin (Figure 8) were normal, both lines falling above the regression line for the control subjects in group 1.
Influence of d-aldosterone. The response to angiotensin at three dose levels in two control subjects (M25 and F21, No precise relationship can be defined, however, between the increment in measured SVR and a change in vascular muscle tone because of the anatomic complexities of the vascular bed and of the interaction between the muscle and connective tissue elements of vessel walls (15) . As stated earlier, a tendency might l)e exlected for the same change in vascular tone to produce a greater ASVR in patients whose initial SVR was high. It is not possible, however, that this tendency alone could explain the difference found in our study; the averages of the resting SVR in each group were similar, yet the averages of ASVR for each dose of angiotensin were significantly different; the difference was not affected by making a first-order correction for the initial SVR (Figures 6 and 7) . The data shown in Figure 5 further support this conclusion. There is a very poor relationship between the ASVR and the resting SVR. It has also been demonstrated previously that the initial level of blood pressure or narrowing of the arterioles by vascular spasm does not influence the response to pressor amines (16) .
Patients with edema and ascites have a greatly expanded extracellular space. Hence, in these patients, many drugs have a larger volume of distribution and consequently reach a lower blood concentration for a given dose. Angiotensin II, however, is a large polypeptide and in vivo may be loosely bound to protein (11); its immediate volume of distribution is therefore probably only that of the blood volume. The blood volumes of patients with cirrhosis (17) and congestive cardiac failure (18) may be increase(l up to 20%/.,. This extra degree of dilution of injected angiotensin would appear to be insufficient to account for the large difference in response which required that patients in groups 2 and 3 be given 4 to 10 times the dose of angiotensin to obtain a pressor response equal to the controls. Patients with the nephrotic syndrome have been shown to have a reduced blood volume (19. 20) , so greater dilution of the administered dose obviously cannot be a factor in their reduced response.
The data, therefore, demonstrate a reduced vascular response to angiotensin in the patients of groups 2 and 3. It is of interest to consider the various possible mechanisms for this lowered sensitivity to angiotensin.
Vasodepressor substances have been demonstrated in the blood of cirrhotic patients (21), but there is no reason to believe they occur in nephrosis or congestive cardiac failure. For this reason, we studied two patients with cirrhosis proved by liver biopsy (group 4, Table I ) who did not appear to have an increased aldosterone production. These two patients had normal responses to angiotensin (Figure 8) .
The depressed response to angiotensin occurred in patients with three unrelated disease states, having in common only the presence of edema and evidence of hyperaldosteronism. It is logical, therefore, to assume that the same mechanism is responsible in cirrhosis, nephrosis, and congestive cardiac failure and to relate their abnormal sensitivity to angiotensin with these common features.
Aldosterone itself seems unlikely to cause such a change, and we were unable to produce an abnormal response in two control subjects by the acute administration of aldosterone.
Electrolyte disturbances may occur in patients with secondary hyperaldosteronism, especially since they have usually been treated over long periods with diuretic drugs. The contractility of aortic strips in vitro can be modified by changing their electrolyte environment; by increasing the sodium ion concentration and lowering the potassium ion concentration in the perfusing fluid, their contractility to pressor amines is depressed (22) . The majority of the patients in groups 2 and 3 had a low serum lpotassium level (Table   I ), but they also had low serum sodium coincentrations, aiid this, in vitro, has been reported to increase the contractility of arterial smooth muscle to pressor drugs (23) and particularly to angiotensin (24) . Friedman and Allardyce (25) also showed the importance of ionic distribution, particularly of sodium, in the maintenance of tension in artery segments. Chlorothiazide 4 has been shown to modify the pressor response to infused l-norepinephrine (26) (27) (28) , and dogs given prior treatment with 3,4-dihydrochlorothiazide 5 have a diminished pressor response to angiotensin (29) . These were all acute experiments. The initial hypotensive action of chlorothiazide may be due to a fall in blood volume and is partially reversed by plasma expansion (27) . The blood volume returns to normal, however, after several weeks (30) , while a hypotensive action persists. Some workers have found that chlorothiazide therapy does not affect total body or tissue electrolyte concentrations (30) (31) (32) , and it has been suggested that the drug has a direct action on peripheral vessels (33, 34). We know of no studies that have shown a reduced response to pressor agents after longterm diuretics. Since all 14 patients with hyperaldosteronism probably had disturbances in electrolyte distribution and had low serum concentrations of potassium and sodium (Table I) , and since 12 of the 14 were receiving diuretic therapy at the time of study, these factors cannot be excluded as determinants of their reduced sensitivity to angiotensin, although two of the 14 had not received diuretics.
All ten of the patients with hyperaldosteronism who were studied with l-norepinephrine showed normal pressor sensitivity to this drug. Eight of these patients were receiving chlorothiazide, which in acute experiments depresses the response to l-norepinephrine. It is unlikely, therefore, that the reduced sensitivity to angiotensin was caused by a general depression of vascular contractile properties. This apparent dissociation suggests a more specific mechanism.
The term tachyphylaxis has been used to describe the insensitivity or refractiveness to the response of a drug that develops after prolonged or repeated exposure to that drug. Tachyphy-laxis to angiotensin was originally thought not to occur (11) , but it can be demonstrated in vitro in isolated smooth muscle (35) . Bock and Gross showed (36) that it could be induced in dogs provided sufficient amounts of angiotensin were given. They also demonstrated cross-resistance to renin while sensitivity to l-norepinephrine was retained. Langford, McCao, Suyla, and Alencon (37) have shown in dogs that when tachyphylaxis to the pressor effects of angiotensin was produced, the stimulation to increased aldosterone production remained. Tachyphylaxis has not, however, been demonstrated in man even after prolonged infusions (38) .
The present study has demonstrated a relatively specific vascular insensitivity to angiotensin in patients with secondary hyperaldosteronism. If, as has been suggested, such patients have increased levels of angiotensin, then the results may be described as tachyphylaxis to angiotensin and this may explain the absence of systemic hypertension in such patients. The mechanism for such tachyphylaxis, however, is not known and may be due to ionic shifts or other changes.
SUMMARY
The vascular sensitivity to injected angiotensin II has been compared in 14 patients with evidence of secondary hyperaldosteronism and 9 control subjects. The 
